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The results of clinical and polysomnography examinations on 11 Japanese Rett syndrome case% 
were summarized to substantiate further our previous results regarding the pathophysiology oft 
disease. 

It was concluded that the disease starts early in infancy and takes a progressive course. Each 
characteristic symptom appears in an orderly sequence which is thought to reflect the sequent 
systemic involvement of certain neuronal systems. Based on the characteristic symptoms and signs* 
and polysomnographies studies, we speculated that the initial lesion was the locus coeruleus vWf' 
a hypoactive noradrenergic system combined with other hypoactive monoaminergic systems? 
including those of serotonin and dopamine, occurring along with the early developmental course.^ 
In later stages, hyperfunction possibly due to postsynaptic supersensitivity of the dopamine sys- 
tem causes the characteristic symptoms of the Rett syndrome. 
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The Rett syndrome is a specific disorder of 
psychomotor developmental delay, behavioral 
problems and motor disturbances comprising an 
unique disease entity [1-3] . 

Detailed clinical studies on our initial 5 
patients were reported previously together with 
a brief presentation of 6 other cases [3] . This 
paper reports the summary and the confirma- 
tion of the clinical characteristics of the Rett 
syndrome, and speculates further on the patho- 
physiology basing on the results of polysomno- 
graphical examinations. Preliminary results of 
the therapeutic trials are also presented. 
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Materials and Methods 

Eleven patients who ranged in age from 3 to 
14 yrs and were all female, were followed for 
6 mos to 11 yrs 9 mos. 

Neurological examinations were performed 
repeatedly during the follow-up period. For 
all patients, various laboratory examinations 
and electrophysiological and radiological eval- 
uations were performed. 

All night polysomnography examinations 
were performed on 7 patients, in one case 
three tests were performed before and after L- 
threo-3,4-dihydroxyphenylserine (DOPS) treat- 
ment. Besides EEC. EOG and surface EMG of 
the mentalis muscles, the EMG activities of the 
sternocleidomastoid, rectus abdominalis and 
8 muscles of the bilateral extremities were 
recorded with surface electrodes to analyze the 
body movements. Two types of body move- 
ments were evaluated; gross movement (GM)- 
diffuse sequential muscle activities including 
those of the rectus abdominalis and lasting 
more than 2 seconds, and twitch movement 
(TM)- short muscle activities localized to one 
muscle and lasting less than 0.5 seconds. The 
number of TM of the mentalis muscle during 
the REM stage (ment TM REM) and the num- 


I 


ber of rapid eye movements (REMs) were 
counted, and the ratio of mentTM REM against 
REMs (ment TM REM/REMs) was calculated. 

Based on our working hypothesis on the 
pathogenesis of the Rett syndrome [3] that pri- 
marily the raphe nuclei and locus coeruleus are 
involved initially followed by the basal ganglia, 
a therapeutic trial with precursors of neuro- 
transmitters of these nuclei, 5-HTP, DOPS and 
L-Dopa was performed. 

Results 

J. Clinical Characteristics 
The major motor milestones are presented in 
Table 1 and Fig 1. Three showed a delay in 
head control and all showed a delay in attaining 
motor milestones of the mid and later parts 
of infancy, such as rolling over, sitting and 
crawling. Standing and walking with or without 
support were delayed in all except two who 
attained these activities at normal ages but 
crawling was delayed and difficult. Maximum 
motor achievements ranged from sitting to 
running. 

During the course, regression of the major 
motor activities was seen. This became ap- 
parent around the middle of the first decade 
with varying severity, however, the subtle signs 
of regression appeared by the age of 3 yrs and 
in most patients with difficulty getting up from 
the lying position. 


The head circumference at birth was within 
normal limits except for one case in which it 
was slightly smaller than the mean-2SD but 
it began to taper down in all cases in late 
infancy (Fig 1). 

Behavioral abnormalities became apparent in 
all patients from early infancy and the charac- 
teristic autistic traits of this age were seen. The 
autistic features characteristic of before and 
after 1 yr of age were evaluated in 9 cases. Most 
of the patients showed the autistic symptoms 
of infancy but those of early childhood were 
less prominent suggesting that they were 
masked by the overlaying severe mental retar- 
dation (Fig 2). 

The most characteristic hand washing like 
stereotyped movements showed some varia- 
tion with age and among individuals. These 
features of stereotyped movements suggested 
to be involuntary in nature and a certain 
neuronal circuit is probably responsible for the 
pathophysiology [3] . 

Purposeful hand use was lost before the 
stereotyped movements of the hand began. 

Besides this, there were other types of in- 
voluntary movements, such as teeth grinding, 
tongue protrusion, licking and dyskinetic 
movement around the mouth. 

Shivering or tremulous movement of the 
whole body with or without hyperventilation 
was seen in some patients. 

The gait was also characteristic, being broad 


Table 1 Major motor milestones in the 11 cases 
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*: at 1 yr 5 mos, shuffled backwards, -: not known. 
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Autistic trait 

Stereotyped 
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Convulsion 

Muscular 
hypertonus 




■Tiean; 2SD 


Fig 1 Motor milestones, main symptoms and head 
circumference. Abscissa: age. 


Features appear in infancy 
Lack of social smiling 
Hypersensitivity 
Hyposensitivity 
Poverty of babbling 
Lack of stranger anxiety 
Aloneness or indifference 
Lack of following 
No response to calling 
Expressionless face 


based with short steps and lack of coordinated 
movement of the upper extremities. Another 
important point is that crawling was very 
difficult with all. 

Initiation of both crawling and walking was 
more affected, but passive or voluntary applied 
rhythmic rolling movements of the trunk im- 
proved this. 

The most important feature of the Rett syn- 
drome is that the symptoms occur in an orderly 
sequence at certain ages [3]. The mean age 
± 1 SD of the main symptoms in the 1 1 p a . 
tients were as follows; autistic traits at 4.6 mos 
± 6.6 mos, stereotyped hand movements at 

I yr 5 mos ± 4.2 mos. convulsions at 3 yrs 5 
mos ±10.5 mos and muscle hypertonus at 

4 yrs 6 mos ± 2 yrs 4 mos (Fig I). 

This age dependent appearance of the symp- 
toms and delay in the major milestones of the 

I I patients were correlated to the decremerual 
change in the head circumference (Fig 1). 

2. Polysomnographies Examinations (PSG) 
Our previous evaluation of 4 patients [3] were 
further substantiated with 7 patients including 
the previous 4. Among these, the results of 

5 including the previous 3 are presented. 

As for the sleep structure, the cyclic occur- 

Features appear after 1 yr of age 
Never uses finger pointing 
Speech delay 


No response to peek-a-boo 

Lack of anticipatory motor 
adjustment 

Lack of eye-to-eye contact 


Loss of verbal expression 

Difficulty in copying move- 
ments made by other people 

Autostimulation behavior 

Extreme withdrawal 

Dislikes being intervened 
while playing 

No symbolic play 
Insistence on sameness 
Hyperactivity 

Sudden laughing and crying 
without any apparent reason 

Irregular and disturbed 
nocturnal sleep 


1 


0 50 100% 

Fig 2 Autistic traits in Rett syndrome -9 cases, zzz i 
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fence of stage REM and prolongation of its 
period in later sleep stages were observed nor- 
mally- However, slow wave sleep occurred in 
'the second half of sleep in all cases (Fig 3). 

Percent-sleep-stages revealed a relatively 
greater stage REM in older patients (Fig 4). 

As for the motor components, abnormalities 
were observed in both the tonic and phasic 
components, that is, the tone of the mentalis 


muscle was lost even during non-REM sleep 
(Fig 3). 

The number of GM per hour against sleep 
stages revealed to be abnormally low in stage 
REM in older patients showing abnormality in 
the pattern (Fig 5). 

The modulation of the number of TM 
against sleep stages revealed a normal pattern 
but the number was abnormally increased in 
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Fig 3 Sleep diagrams of three cases. 
Horizontal line in the ment section 
represents the presence of mentalis 
muscle tone. Vertical line in the GM 
section represents the duration of 
each GM. Vertical line in the TM 
section represents the number of TM. 
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all sleep stages. These features were marked in 
the upper extremities and more prominent on 
the right than the left, and in the lower ex- 
tremities the number of TM was normal except 
for the youngest case, aged 2 yrs 7 mos (Fig 6). 

The ment TM REM/REMs showed abnor- 
mally high values in advanced older patients, 
but were within normal limits in younger cases 
(Fig 7). 

Day-by-day plot of the sleep and wakeful- 
ness cycle revealed an irregular sleep onset time 
and relatively longer daytime sleep (Fig 8), as 
observed before [3] . 

3. Therapeutic Trials 

5-HTP was tried in 5 cases and has been 
continued for 1 yr 5 mos to 1 yr 8 mos. Im- 
provement of the sleep onset time and autistic 



I 


behavior was suggested. One young patien 
suggested to show improvement in coordin 
movements. Two patients were placed 


Normal 8 yrs 

Rett syndrome 

Case El 9 yrs 
Kl 12 yrs 
MT 3 yrs 
RT 3 yrs 
MS 2 yrs 7 i 



Fig 4 %-sleep-stages. 


II III 

Sleep stages 

Fig 5 Gross movement against sleep stages. Each line 
represents one patient. 
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Fig 7 Ratio of twitch movements of mentalis muscles 
against rapid eye movements in stage REM. 

5-HTP for only 1 mo without any change. 

L-Dopa was tried in 4 patients for 8 mos 
to 3 yrs 1 mo. One showed a slight increase in 
stereotyped hand movement and developed 
screaming. There has been no appreciable im- 
provement in muscle hypertonus. 

DOPS has been tried on the youngest case 
for 4 mos from the age of 3 yrs 2 mos. Clinical 
changes revealed that she began to take the 
on-the-four posture and to crawl. 

PSG was performed 3 times for this patient 
at ages 2 yrs 7 mos and 3 yrs 2 mos before the 
DOPS treatment and thirdly during DOPS 
treatment. Percent-sleep-stages revealed no sig- 
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Fig 8 Orcadian oscillation, Case NT. Abscissa: time 
(o'clock), Ordinate: age, : sleeping state. 

nificant differences. The position of REM and 
slow wave sleep and prolongation of REM in 
later sleep cycles remained normal without 
alteration. There was no appreciable change in 
GM, however, TM showed a. tendency to de- 
crease towards the normal level in the upper 
extremities. 

4. Genetic Evaluation 

To evaluate the female gynecotrophy of the 
Rett syndrome, we tried to investigate the sex 
ratio in the families of affected girls and to 
examine the high resolution banding on X- 
chromosomes of the affected cases. 

The sex ratio in the sibs of 10 propositi was 
5 males: 6 females or 0.83, which is slightly 
lower than the expected ratio. The sex ratio 
in the cousins of 9 propositi was 35 males: 30 
females or 1.17.. 

The incidence of spontaneous abortion in 
the sibs of the 10 propositi was only one. 

From these limited data, it is difficult to say 
whether the sex ratio in the sibs was signifi- 
cantly lower. 
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High resolution banding patterns of X- 
ehromosomes in 2 eases revealed no particular 
abnormality. 

Discussion 

Our clinical evaluation revealed that the symp- 
toms of the autistic tendency started very early 
and the developmental delay was often present 
before the characteristic symptoms started, 
furthermore, there was an early decrementation 
of head circumference. These facts suggest 
that the underlying pathologies start early in 
infancy. 

The progressive course observed in the 
developmental decrease and the regressive 
course suggest that the disease is progressive 
and degenerative, and the parallel changes in 
the clinical features and head circumference 
suggest this is a disease involving a broad system 
as it progresses. 

Thus the very early onset of the symptoms 
followed by the orderly sequential occurrence 
of specific symptoms made us speculate that 
the initial iesion to be in the lower CNS. either 
in the brainstem and/or midbrain which 
matures early in infancy and gives a broader 
influence during development on a particular 
region of the higher CNS. 

Thus, sequential involvement of the higher 
levels of particular nervous systems which are 
influenced by the lower brain structures would 
cause the characteristic age related symptoms 
of the Rett syndrome [3 J . 

Based on the clinical features and results of 
behavioral animal experiments, specific brain- 
stem nuclei and basal ganglia were speculated 
to play important roles in the pathophysiology. 
By analyzing each symptom, we speculated 
that the raphe, locus coeruleus and dopamine 
system in the basal ganglia were involved [3] . 

Then which nuclei in the brainstem or 
midbrain could be the initial lesion? There 
are substantial evidences indicating the close 
correlations between certain nuclei in the 
brainstem and midbrain, and sleep parameters 
[4]. 

The abnormal tonic components of sleep 
with disturbance of the position of slow wave 
sleep and loss of tonic activities of the mentalis 
muscle suggested the involvement of the locus 
coeruleus. The progressive increase in percent- 
stage REM and increase in the TM with age 


suggested that the process reversed the devei 


op- 


mental course. 

The results of the TM as well as GM in older 
cases are similar to our previous study of Gilles 
de la Tourette syndrome |5| and a case of 
tuberous sclerosis with rotatory seizures [6] 
which was thought to be due ro the presence 
of hyperfunction of the dopaminergic (DA) 
system, probably due to postsynaptic super- 
sensitivity [5, 6 1 . 

The rario of ment TM REM/REMs *as 
thought to reflect the activity of the nigro- 
striatal DA neurons [7] . In the Rett syndrome, 
this ratio increased progressively with age, 
though it was within normal limits in younger 
patients. These features also suggest a progres- 
sive increase in the activity of the DA neurons 
in this syndrome. 

These results on the phasic components of 
sleep parameters could be interpreted a;: he 
developing postsynaptic supersensitivity of :he 
DA neurons, but it could also be explained 
alternatively as developing hyperactivity of DA 
neurons due to prolonged disinhibition of the 
neurons by hypofunctioning serotonin (5HT) 
or noradrenaline neurons. 

Tiie abnormal circadian rhythm can occur 
with raphe and locus coeruleus leions [8. L )| . 
. Based on the results of clinical analysis 
the characteristic symptoms and sleep stun;^. 
our hypothesis for the pathophysiology of the 
Rett syndrome is as follows: 

The earliest lesion is hypoactivity either in 
the raphe and/or locus coeruleus causing the 
autistic trait in early infancy. 

As the disease progresses, the DA system 
becomes hyperactive due to postsynaptic 
supersensitivity caused by hypoactive C 
neurons or to disinhibition of the neurons 
affected 5HT or noradrenaline neurons, which 
leads to the characteristic motor symptoms 
especially the stereotyped movements. 

We reported that the pathophysiology of the 
characteristic gait seen in the Rett syndrome 
was akinesia rather than apraxia[3j. Nara- 
bayashi et al demonstrated that the basis of the 
akinesia was related to the hypofunction of 
noradrenaline [10] . So the hypofunction of 
noradrenaline could be responsible for the 
specific gait seen in this disease. 

Recently, Brenner et al demonstrated the 
impaired growth of the cerebral cortex of rats 
treated neonatally with 6-hydroxy dopamine 
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* -th low noradrenaline in the cerebral cortex 
fnl Could this be applied as the basis for 
jhe progressive microcephalus in the Rett syn- 

°U ^'s known from animal experiments that 
;the serotonergic system as well as the nor- 
adrenaline system are the systems which are 
Influenced by environmental factors but the 
lerotonergic system is more susceptible in 
Sales [8] . 

\So in the Rett syndrome which occurs only 
iii females, the noradrenaline system rather 
Uian the serotonergic system might be primarily 
geilcient. 

r^This hypothesis for the pathophysiology of 
the Rett syndrome has to be examined further, 
pathologically, histochemically and biochemi- 
cally. 

Our efforts to treat this disease by replacing 
5-HTP, DOPS and L-Dopa, based on our hypo- 
thesis,' is only preliminary, however, improve- 
ment of crawling and the TM pattern in PSG 
after DOPS treatment is attractive for further 
follow-up. 

As for the female gynecopathy, it is con- 
sistent with previous reports [1-3] that all 
our cases were females. The confinement of 
this syndrome to girls in all cases still remains 
puzzling. The hypothesis that the transmission 
pattern of this syndrome may be an X-linked 
dominant mutation lethal for males is very 
difficult to confirm because affected girls are 
unlikely to bear children. Further evaluation 
of the X-chromosome including fragile X would 
be rewarding. 
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